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Abstract— This paper describes the development of a sustainable power source that can supply sufficient 
power to wireless sensors in remote locations while requiring less maintenance and low costs. The soil 
energy is utilized by Microbial Fuel Cell. The soil with microorganisms can produce energy when they are 
attached with two electrodes, one positive and another negative electrode. This leads to flow of electrons 
contributing to electricity. The electricity is then utilized to Electronic circuit consisting of microcontroller 
and the humidity and temperature sensors are attached to it to read out the values of temperature and 
humidity on PC by using ZigBee Transceiver. 
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INTRODUCTION 
I. Soil contains minerals and many organisms, 
such as bacteria, fungi, algae, protozoa, nematodes, 
and earthworms. The organic matter in soil 
represents a large potential source of energy.  Some 
bacteria in the soil are known to generate electricity 
(exo-electrogens) without the provision of an 
exogenous media [3].The soil energy can be an 
alternative energy source as the energy is very 
essential in this energy scarce environment. 
Through biochemical reactions from the activities 
of the microorganisms, the energy in the soil can be 
released as electricity and heat. Recently, the 
chemical-to-electricity conversion processes from 
bacteria are utilized to establish microbial fuel cells 
[5].The electrical properties of the soil are affected 
by the type of soil, density, operating frequency, 
water content, and soluble salts and minerals. The 
equivalent circuit provides insights for optimizing 
the MFC design and enhancing the output power. 
II.    The emerging technology of wireless sensor 
networks (WSNs) requires reliable energy source 
for their long-term operations. Wiring a power-
source to sensors costs a vast amount of labor and 
resources. To demonstrate the potential applications 
of the soil cells, we will design and fabricate a 
wireless temperature and air moisture sensing 
system on a printed circuit board (PCB).The 
capacitive humidity sensor readout IC will be 
employed to convert the humidity-caused 
capacitance deviations to frequency deviations.. The 
data from the wireless sensors is sent to the 
microcontroller for data processing. There are two 
circuits utilized one for transmission and another for 
reception. The transmitter ZigBee is configured 
with the receiver ZigBee. The final readings will be 
sent to personal computer as an output. 
III. Thus the overall system will include the MFC, 
low power microcontroller, air humidity sensor, 
custom capacitive humidity sensor readout IC, and 
a ZigBee transceiver with embedded temperature 
sensor [1]. 
 
MICOBIAL FUEL CELL 
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Figure 1Microbial Fuel Cell 
                 Microbial Fuel Cell 
The Microbial fuel cell shown in fig -1 is made by 
connecting two electrodes one anode and one 
cathode. The microorganisms in the soil are 
continuously generating biochemical energy in the 
form of redox reactions. The degradation of organic 
compounds by the microorganisms leads to 
oxidation and thus liberating electrons. These 
electrons are utilized by the electrodes so as to 





Figure 2 Process of Microbial fuel cell 
 
Two Microbial fuel cell has been made by using 
different soils listed in the table below. The soil is 









Table 1: Type of Soil 
 
 
The contents added in the two Microbial Fuel Cell 
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Table 3: Current and Voltage obtained in the 
soil 
 
As voltage for Fe-Cu pair for soil A is highest it is 
used for further experiment.1mL Hydrogen 
Sulphide and 1mL Ammonium Sulphide is added so 
as to obtain 1.02 V. 
 MFC using ice tray is created by using ice tray with 
12 cups 
-10 iron nuts 
-12 copper wire 
-1 screw 
 
• This cell is implemented by using a series 
cell method 
• The voltage is increased by using citric acid 
solution , sodium chloride  each 1g in each 
cell and sugar 0.5g in each cell 
• The result obtained is about 2.83V 










-galvanized iron nuts 
-copper wires 
-a screw 
• This cell is implemented by using a series 
cell method 
• The result obtained is about 1.68V 





The second part of the project is to make the 
electronic circuit. There are two circuits one for the 
transmitter section and another for the receiver 
section as shown in fig-3 and fig-4 
1. PCB layout: The  PCB layout of the electronic 
circuit is put on the board. 
2. PCB design: The PCB layout is then designed on 
the board by using Ferric Chloride solution with the 
water. 
3. Component mounting: The components such as 
capacitors rectifiers, Fixed Voltage regulator IC 
7805 and Variable Voltage Regulator IC LM317, 
also Atmegha 16 microcontroller, ZigBee are 
mounted on the PCB board. 
4. Component testing: The components whether 
working are then tested by using multimeter. 
5. ZigBee Interface: The ZigBee is interfaced with 
the microcontroller and the COM port 
6. Connection: The connections are made between 
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Electronic circuit for Transmitter section  
 
 
 Fig3: Electronic circuit for Transmitter section  
 
Electronic circuit for Receiver section  
 
Fig 4:Electronic Circuit for Receiver Section 
 












1.Generalmhtca module humiture sensor is 
designed base capacitive humiture sensor by 
ningbojunrong electron. This product utilizes 
humidity sensor capacitance and temperature sensor 
(lm35, america), with characteristics of stable, high 
accuracy, quick response, good crossing-over and it 
also use craftwork of smd, and so own extremely 
small body, stable and reliably performance. The 
quality guarantee time is 12 months.  
 
2.Application 
electron, pharmaceutical industry, food processing, 




(1)Power supply (Vin) dc 5v+-5% 
(2)Electrical current 2ma (max 5ma) 
(3)Temperature operating range 0 ~ 70c 
(4Humidity operating range 0 ~ 100%rh (dew 
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point) 
(5)Humidity measuring range 2 ~ 99%rh 
(6)Temperature storing range -20 ~ 85c 
(7)Humidity storing range under 95%rh (no dew 
point) 
(8)Humidity measuring accuracy mhtc1a +/-3%rh ( 
at 25c, 60%rh ) 
(9) Temperature testing feature mhtc1a2 +/-1(lm35 
integrated   temperature sensor) mhtc1a1 +-1% 10k 
3950 resistance 
(10) temperature dependence (reference) +/-
0.2%rh/c (5.00v dc,0-100%rh,at0-50c) 
(11)Voltage dependence (reference) under +/-3%rh 
(12) measure: 21.6*33.5*10mm 
ZIGBEE MODULE 
 
 In this module the data will be transmitted 
from the entering system to the main server using 
wireless technology. The past several years have 
witnessed a rapid growth of wireless networking. 
However, up to now wireless networking has been 
mainly focused on high-speed communications, and 
relatively long range applications such as the IEEE 
802.11 Wireless Local Area Network (WLAN) 
standards. The first well known standard focusing 
on Low-Rate Wireless Personal Area Networks 
(LR-WPAN) was Bluetooth. However it has limited 
capacity for networking of many nodes. There are 
many wireless monitoring and control applications 
in industrial and home environments which require 
longer battery life, lower data rates and less 
complexity than those from existing standards. For 
such wireless applications, a new standard called 
IEEE 802.15.4 has been developed by IEEE. The 
new standard is also called ZigBee, when additional 
stack layers defined by the ZigBee Alliance are 
used. 
ZigBee is a specification for a suite of high level 
communication protocols using small, low-
power digital radios based on the IEEE 802.15.4-
2003 standard  for 
 
Low Rate Wireless Personal Area Networks (LR-
WPANs), such as wireless light switches with 
lamps, electrical meters with in-home-displays and 
consumer electronics equipment via short-range 
radio needing low rates of data transfer. The 
technology defined by the Zigbee specification is 
intended to be simpler and less expensive than 
other WPANs, such as Bluetooth. ZigBee is 
targeted at radio-frequency (RF) applications that 
require a low data rate, long battery life, and secure 
networking. 
The XBee (ZigBee) Module provides an alternative 
way to transfer data without the use of wires. XBee 
transceiver is developed by Digi. XBee was among 
the first transceivers that hit the market and came in 
a convenient to use casing. 
         The XBee (ZigBee) uses a wireless 2.4GHz 
transceiver to communicate with another XBee 
(ZigBee) module. Furthermore, XBee (ZigBee) 
modules are capable of communicating with more 
than one XBee (ZigBee) module. Thus, it means 
you can create a network of XBee modules all over 
the place as long as they are in range, of course. 
 
 
Fig.5.8 ZIGBEE Module 
 
 
Some features of XBee are: 
 802.15.4 Protocol created by the IEEE 
foundation. 
 Data rate of 250KBps (Kilobits per second). 
 
 Can be used indoors and outdoors. 
 Range is from 100ft-300 for standard XBee 
modules and 300ft-1 Mile for XBee Pro 
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Modules (depending on where it’s used and 
the line of sight from one XBee to the next 
XBee). 
 The standard XBee has a 1mW transmit 
power and the XBee Pro has a 60mW 
transmit power. 
 No configuration is required out of the box. 
 Default baud rate is 9600bps. Although, you 
can change the configuration of how fast 
you want to transmit but for this tutorial we 
will just leave the baud rate at default. 
          One of the great features of ZigBee networks 
is the low power operation. XBee makes sure you 
won’t be changing the batteries very often! It 
consumes about 35mA during transmission (38mA 
while receiving) while it keeps it below 1uA while 
sleeping. These are quite attractive specs. , XBee 
also allows invisible operation. That means you 
don't have to care about exchanging complicated 
information with the module in order to send a 
packet. The invisible mode sets up a link of 
streaming data over the ZigBee network. So all you 
need to do is to serially send the information to the 
transmitter and the receiver module will output 
them the same way to your target machine. Quite 
simply, it replaces the serial communication cable. 
This can be very handy. Overall the XBee modules 




Compared to other renewable energies,  such as 
solar and tidal energy, soil energy is easily 
accessible, insensitive to environment changes, and 
does not require expensive infrastructure. 
The system can be further utilized for remote 
field experiments and environment monitoring in 
energy-constrained are as to avoid frequent battery 
replacement. To improve the output power of a 
soil cell, cultured bacteria and prepared soil 
substrate can be used. The new technology can 
enable promising applications in environmental 
monitoring and green electronics. 
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